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(54) Heavy duty pneumatic tires 



(57) A heavy duty pneumatic tire comprises a tread 
provided with plural circumferential grooves (1), land 
portions defined by these circumferential grooves, and 
a groove fence portion formed in the circumferential 
groove so as to extend in a direction blocking the cir- 
cumferential groove, in which the groove fence portion 



comprises at least two protrusions (3) extending from a 
groove wall (2) and/or groove bottom of the circumfer- 
ential groove (1). and has a space (t) between the pro- 
trusions (3) in the widthwise direction of the tire of 
0.5-2.0 mm, and a space (s) between the protrusions in 
the circumferential direction of 0.4-3.0 mm. 
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D script ion 



[0001] This invention relates to a heavy duty pneumatic tire capable of reducing noise in the running over a long 
period of time. 

s [0002] Recently, noise is taken up as a pollution problem resulted from an automobile. The noise generated during 
the running of the tire is a sound mainly based on air discharged from grooves formed in a tread between a tire tread 
and a road surface. The tire tread is comprised by endlessly and circumf erentially arranging tread-constituting elements 
such as plural circumferential grooves, land portions defined by these grooves such as ribs, blocks and the like, and 
sipes formed in these land portions and so on. 
io [0003] Since air existing in the groove between the ribs or the blocks and in the sipe vibrates at a ground contact 
region of the tread with the rotation of the tire during the running of the tire, a pitch of sound or frequency is determined 
by the ground contacting number of the tread-constituting element per 1 second, which comes to person's ears as a 
certain sound level. Therefore, it is usually attempted to disperse a particular frequency into unobtrusive sound by 
applying pitch variation technique based on frequency modulation theory using different element lengths or different 

is pitches to the tread-constituting element. 

[0004] On the other hand, a chance of running at a high speed is increasing with the remarkable servicing of express 
way networks. In this case, wide-width and straight circumferential grooves are mainly used as a groove defining the 
land portion of the tread from a viewpoint of consideration on wet-skid resistance. However, such a circumferential 
groove creates columnar resonance therein, which results in a new noise problem. That is, the width of the circumf er- 

20 ntial groove in the ground contact region of the tread is narrowed at a stepping-in side and returned to an original 
width at a kicking-out side during the running of the tire under loading and hence air existing in the circumferential 
groove at the ground contact region becomes dense at the stepping-in side and coarse at the kicking-out side to always 
generate an acoustic resonance sound as a stationary wave in the ground contact region, which brings about the 
occurrence of noise. 

2S [0005] In order to prevent the occurrence of noise through the columnar resonance, it is particularly attempted in a 
heavy duty pneumatic tire for truck and bus that flexible groove fences, each formed by extending a part of a tread 
rubber from a groove wall or a groove bottom in a direction of blocking an air flow, are arranged in the circumferential 
groove at given intervals in the circumferential direction of the tread. As shown in Fig. 6, the conventional groove fences 
are double door type rubber fences 3 formed by extending a part of a land portion from opposed walls 2 of a circum- 

30 ferential groove 1 so as to leave a space of about 1 mm in a widthwise center of the circumferential groove. In general, 
the conventional groove fences block the columnar resonance by closing the door fences during the running under 
loading. 

[0006] The conventional groove fences shown in Fig. 6 have an effect of reducing the above columnar resonance, 
but cause problem that the door fences 3 contact with each other when the width of the circumferential groove 1 is 
35 reduced in the ground contact region under loading and hence crack 4 is created in the vicinity of a boundary between 
the door fence 3 and the groove wall 2 as shown in Fig. 9 and finally the door fence 3 comes out from the groove wall 
2 with the growth of the crack. 

[0007] It is, therefore, an object of the invention to provide a heavy duty pneumatic tire reducing columnar resonance 
as a noise problem by groove fences and causing no crack in the groove fence during the running of the tire. 
40 [0008] The inventor has made various studies in order to solve the above problem and found that when groove 
fences are arranged in the circumferential groove under a particular condition that these groove fences do not contact 
with each other under loading, the occurrence of cracks and damage of groove fence can be prevented without losing 
the effect of reducing the columnar resonance by blocking the circumferential groove and as a result the invention has 
been accomplished. 

[0009] According to the invention, there is the provision of a heavy duty pneumatic tire comprising a tread provided 
with plural circumferential grooves extending in a circumferential direction of the tire, land portions defined by these 
circumferential grooves, and a groove fence portion formed in the circumferential groove so as to extend in a direction 
blocking the circumferential groove, in which the groove fence portion comprises at least two protrusions extending 
from a groove wall and/or groove bottom of the circumferential groove, and a space between the protrusions under a 
normal internal pressure in a widthwise direction of the tire is 0.5-2.0 mm, and a space between the protrusions under 
a load in the circumferential direction is 0.4-3.0 mm so as not to contact these protrusions with each other. 
[0010] The term "normal internal pressure" used herein means a standard internal pressure defined by standards 
of the following standardization system, for example, "air pressure corresponding to maximum load capacity (maximum 
air pressure)" in JATMA YEAR BOOK. 
55 [0011] The t rm "a load" used herein means a standard load defined by standards of th following standardization 
system, for example, a maximum load capacity (maximum load) in JATMA YEAR BOOK. 

[0012] In addition, standards are defined by an existing standardization system in a country using tires or manufac- 
turing tires, and are, for example, YEAR BOOK of TRA (THE TIRE AND RIM ASSOCIATION) in USA, STANDARDS 
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MILL OF ETRTO (The European Tyr and Rim T chnical Organization) in Europe, and JATMA YEAR BOOK of The 
Japan Automobile Tir Manufacturers Association, Inc. in Japan. 

[0013] In a preferable embodiment of the invention, the groove fence portions are disposed in each of the circum- 
ferential grooves at such an interval in the circumferential direction that only one of the groove fence portions is always 
5 and substantially included in the circumferential groove at a ground contact region defined in the running of the tire 
and the groove fence portions are arranged at a given pitch difference in the circumferential direction among these 
circumferential grooves. 

[0014] In another preferable embodiment of the invention, a height of the groove fence portion is not less than 70% 
but less than 100% of a depth of the circumferential groove. 
io [0015] The invention will be described with reference to the accompanying drawings, wherein: 

Fig. 1a is a sectional view of a first embodiment of the groove fence according to the invention; 
Fig. 1b is a plan view of the groove fence shown in Fig. 1a; 

Fig. 2a is a sectional view of a second embodiment of the groove fence according to the invention; 
is Fig. 2b is a plan view of the groove fence shown in Fig. 2a; 

Fig. 3a is a sectional view of a third embodiment of the groove fence according to the invention; 
Fig. 3b is a plan view of the groove fence shown in Fig. la; 

Fig. 4a is a sectional view of a fourth embodiment of the groove fence according to the invention; 

Fig. 4b is a plan view of the groove fence shown in Fig. 4a; 
20 Fig. 5a is a sectional view of a circumferential groove having no groove fence as a comparative example; 

Fig. 5b is a plan view of the circumferential groove shown in Fig. 5a; 

Fig. 6a is a sectional view of the conventional groove fence; 

Fig. 6b is a plan view of the groove fence shown in Fig. 6a; 

Fig. 7a is a sectional view of another conventional groove fence; 
2S Fig. 7b is a plan view of the groove fence shown in Fig. 7a; 

Fig. 8 is a plan view illustrating a behavior of the groove fence according to the invention under loading; and 

Fig. 9 is a plan view illustrating a behavior of the conventional groove fence shown in Fig. 6 under loading. 

[0016] The invention will concretely be described with reference to Figs. 1 -4. 

30 [0017] In the invention, the groove fence portion extending in a direction of blocking a circumferential groove 1 in a 
tread is comprised of at least two protrusions 3 extending from a groove wall 2 of a groove bottom of the circumferential 
groove, in which a space t between the protrusions under a normal internal pressure in a widthwise direction of the 
tire is 0.5-2.0 mm, and a space s between the protrusions under a load in the circumferential direction is 0.4-3.0 mm 
so as not to contact these protrusions with each other. 

35 [0018] When the space t between the protrusions in the widthwise direction is less than 0.5 mm, there is caused a 
problem in the drainage property, while when it exceeds 2,0 mm, a certain space t is existent under loading and hence 
the fleet of reducing the columnar resonance is insufficient. And also, when the space s between the protrusions in 
the circumferential direction is less than 0.4 mm, if oblique input such as side force or the like is applied to the tire, the 
protrusion collide with each other and the occurrence of crack through deformation accompanied therewith can not be 

40 avoided, while when it exceeds 3.0 mm, sound gets away from the space and hence the effect of reducing the columnar 
resonance is insufficient. Moreover, the thickness of the protrusion in the circumferential direction is preferable to be 
1 -4 mm from a viewpoint of maintaining the pass of water through the circumferential groove. That is, the groove fence 
portion has such a rigidity that it is not opened by air but is opened by water pressure, whereby the drainage property 
is ensured. 

4S [0019] In a first embodiment of the groove fence portion shown in Figs, la and 1 b, the protrusions are double door 
type protrusions extending a part of rubber constituting opposed walls 2 of the circumferential groove 1 toward a center 
thereof as a land portion and having spaces t and s. For example, the groove fence portion has sizes of h = 14.0 mm, 
d = 2.0 mm, w = 11.0 mm, t - 1 .0 mm, and s = 0.6 mm. 

[0020] In a second embodiment of the invention shown in Figs. 2a and 2b, the forms of the protrusions are unsym- 
metrical, but the spaces t and s between the upper ends of the protrusions are within the above ranges, respectively, 
so that the effect aimed at the invention can be obtained without colliding the protrusions with each other under loading. 
[0021] In a third embodiment of the invention shown in Figs. 3a and 3b, the protrusions are concave form and convex 
form, respectively so as not to collide them with each other. In this case, the space s is a total length of s n and s^ 
[0022] In a fourth mbodiment of the invention shown in Figs. 4a and 4b, the groove fence portion is three protrusions 
3, which are a pair of protrusions xt nding from opposed groove walls 2 and a protrusion extending from a groove 
bottom between these protrusions. In this case, the space t is a total length of t, and t 2 . 
[0023] Moreover, the upper face of the protrusion is not necessary to be flat or may be slanting. 
[0024] In the heavy duty pneumatic tire according to the invention, it is favorable that the groove f nee portions are 
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disposed in ach of the circumfer ntial grooves at such an interval in the circumferential direction that only one of the 
groove fence portions is always and substantially included in the circumferential groove at a ground contact region 
defined in the running of the tire. Thus, plural groove fence portions are not included in the ground contact region during 
the running every the circumferential groove, so that the occurrence of pumping sound when air compressed in the 
groove is forced out from the groove can be avoided. 

[0025] And also, it is favorable that the groove fence portions are arranged at a given pitch difference in the circum- 
ferential direction among these circumferential grooves. In this case, a peak of noise between the mutual circumferential 
grooves is dispersed and hence a frequency band of noise can be shifted. Further, when the groove fence portions 
are arranged so as to come close to each other in the circumferential direction, the effect of controlling the higher 
propagation of air vibration in the groove can be obtained. Moreover, since the plural groove fence portions are not 
included in the ground contact region, the pass of water through the groove is not substantially obstructed durinq the 
running on wet road surface. 

[0026] Furthermore, the height of the groove fence portion is favorable to be not less than 70% but less than 100% 
of a depth of the circumferential groove. The columnar resonance is generated when a high frequency vibration of the 
groove wall of the circumferential groove (or land portion wall) is transmitted to air in the circumferential groove during 
the running of the tire. Therefore, when the height of the groove fence portion is 1 00% of the depth of the circumferential 
groove, the vibration of the circumferential groove wall (or land portion wall) is transmitted to the groove fence portion 
to vibrate air in the circumferential groove and hence the sufficient effect of suppressing noise can not be obtained, 
and also it is difficult to sufficiently ensure the pass of water through the circumferential groove and hence there is 
caused a fear of damaging the wet skid resistance. When the height of the groove fence portion is less than 70% of 
the depth of the circumferential groove, the effect of preventing the occurrence of noise through the columnar resonance 
can not be sufficiently obtained. 

[0027] The following examples are given in illustration of the invention and are not intended as limitations thereof. 
25 Examples 1 -4 

[0028] There are prepared radial tires having a tire size of 245/70R1 9.5, in which groove fence portions shown in 
Figs. 1-4 and satisfying conditions shown in Table 1 are disposed in each of four straight circumferential grooves at 
such an interval in the circumferential direction that only one of the groove fence portions is always and substantially 
30 included in the circumferential groove at a ground contact region defined in the running of the tire and at a given pitch 
difference in the circumferential direction among these circumferential grooves. Then, noise test is carried out after 
the each of the tires is mounted onto a vehicle. And also, a state of damaging the groove fence portion is examined 
after the running on a drum over a distance of 100,000 km. 

35 Comparative Example 1 

[0029] A tire is prepared in the same manner as in Example 1 except that the groove fence portion is not formed as 
shown in Fig. 5, and then subjected to the same noise test as mentioned above. 

40 Comparative Example 2 

[0030] A tie is prepared in the same manner as in Example 1 except that the two protrusions extend from opposed 
groove walls of the circumferential groove in form of double doors as a groove fence portion as shown in Fig. 6 and 
collide with each other during loading as shown in Fig. 9, and then subjected to the same noise test as mentioned above. 

45 

Comparative Example 3 

[0031] A tire is prepared in the same manner as in Example 1 except that the two protrusions extend from opposed 
groove walls of the circumferential groove in form of double doors and exists a space therebetween under loading as 
so a groove fence portion as shown in Fig. 7, and then subjected to the same noise test as mentioned above. 
[0032] The thus obtained test results are also shown in Table 1 . 
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[0033] Asm ntion d above, the eff ct of reducing nois during the running of the tire can be maintained over a long 
time of period in the heavy duty pneumatic tire according to the invention. 

s Claims 

1 . A pneumatic tire comprising a tread provided with plural circumferential grooves (1 ) extending in the circumferential 
direction of the tire, land portions defined by said circumferential grooves, and a groove fence portion formed in 
the circumferential groove so as to extend in a direction blocking the circumferential groove, in which the groove 
io fence portion comprises at least two protrusions (3) extending from a groove wall (2) and/or groove bottom of the 

circumferential groove (1), and a space (t) between the protrusions (3) under a normal internal pressure in a 
widthwise direction of the tire is 0.5-2.0 mm, and a space (s) between the protrusions (3) under a load in the 
circumferential direction is 0.4-3.0 mm so as not to contact said protrusions with each other. 

is 2. A pneumatic tire as claimed in claim 1 , characterized in that the groove fence portions are disposed in each of the 
circumferential grooves (1) at such an interval in the circumferential direction that only one of the groove fence 
portions is always and substantially included in the circumferential groove at a ground contact region defined in 
the running of the tire and the groove fence portions are arranged at a given pitch difference in the circumferential 
direction among said circumferential grooves. 
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A pneumatic tire as claimed in claim 1 or 2 characterized in that a height of the groove fence portion is not less 
than 70% but less than 100% of a depth of the circumferential groove. 
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